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Sperm length is highly variable within and across
species, but relatively little attention has been paid
to this variation. Two recent studies employing lab-
oratory selection experiments have provided novel
insights into the evolution of sperm size.
Although sperm are typically thought to be small,
tadpole-like cells produced in vast quantities, sperm
size, form and number all vary tremendously across
species. Sperm form ranges from amoeboid or discoid
to multiflagellate elongated structures [1]. Even within
the more familiar uniflagellate spermatozoa, length
varies by several orders of magnitude, from the tiny
28µm long porcupine sperm to the giant sperm of
Drosophila bifurca, a whopping 5.8 cm long, 20 times
larger than the fly! (Figure 1) [2–4]. To add to this
bewildering array, not all sperm morphs can fertilize
an egg [5], and sperm length varies considerably
within a species [5,6]. 
While the selective forces responsible for this
perplexing diversity have long been sought, unequivo-
cal general explanations for sperm length variation
remain elusive. Nevertheless, the major force behind
the evolution of sperm size and number is thought to be
sperm competition, as first proposed by Parker in 1970
(reviewed in [7]). Sperm competition occurs whenever
the ejaculates of two or more males compete to fertilize
a female’s ova. Two new studies [8,9] have now used
methods of experimental evolution, coupled with sperm
competition experiments, to gain novel insights into the
adaptive significance of sperm length.
Sperm size variation has been extensively studied in
Drosophila [4,5,8,10], in part because sperm length
variability is as great in this taxon as it is across the rest
of the animal kingdom. The available evidence strongly
suggests that female preference has selected for the
gigantic sperm often seen in this group. This conclusion
was cemented by a study [8] in which D. melanogaster
was subject to bidirectional selection on sperm length
and the length of the female sperm storage organ
(seminal receptacle), and then fertilization success was
assessed in a series of sperm competition experiments. 
In the study by Miller and Pitnick [8], females that
varied in receptacle length were each mated to two
males that differed in sperm length. In short-recepta-
cled females, all males had equal fertilization success,
regardless of sperm length. As the receptacle length
increased, however, so did the fertilization advantage
to males with longer sperm. Consistent with this exper-
imental outcome, laboratory populations evolving
longer female receptacles also evolved longer sperm
as a correlated response. In contrast, sperm length did
not change over time in populations evolving shorter
receptacles. Interestingly, it appears that the fertiliza-
tion success of long and short sperm males in short-
receptacled females becomes more uniform as traits
increasingly diverge. This suggests that once sperm
exceeds some threshold length relative to the recepta-
cle, female preference fades. 
Miller and Pitnick [8] conclude that giant sperm in
Drosophila are best seen as analogs of the peacock’s
tail, evolving through female choice. This finding may
partly explain the frequently observed association
between sperm length and the size of female sperm
storage organs across species [11,12]. As an aside, it
is also interesting that the fertilization success of
second males is extremely variable across replicate
experiments relative to the small variation within trials.
Why this occurs is unclear.
But what about species other than Drosophila? As
reported in this issue of Current Biology, Gage and
Morrow [9] evaluated the importance of sperm length
and number as determinants of fertilization success in
the cricket Gryllus bimaculatus. As in the Drosophila
study [8], crickets had been subject to divergent
selection on sperm length, and males were placed into
competition by sequentially mating pairs of males to a
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Figure 1.The fruitfly Drosophila bifurca has the longest known
sperm in the animal kingdom (nearly 6 cm).
Shown here is a male surrounded by one of his testes, approx-
imately the same length as the sperm (reproductive tract dis-
sected after imaging male then photographed at same
magnification). The evolution of giant sperm in Drosophila is
believed to be driven by postcopulatory female ‘sperm choice’.
(Image courtesy of S. Pitnick.)
female. The importance of relative sperm size and
number in determining fertilization success was then
assessed, and both were found to be important. 
Gage and Morrow [9] found that sperm number
relative to that of the competitor was positively
associated with fertilization success, and was the
stronger effect, while sperm size was negatively
associated with fertilization success. This appears to
be in accordance with basic theoretical predictions,
but there is a catch. Sperm size and number did not
show the expected trade-off, and hence smaller sperm
were selectively favoured independently of the sperm
number effect. Why this is so remains a mystery, but
the result certainly provides food for thought. Also,
why are sperm still relatively large (~1000 µm) in this
species if smaller sperm have the advantage?
So where does this leave us? Empirical studies
provide strong supporting evidence for many of
Parker’s theoretical predictions [7]. For example,
many studies have found that spermatogenic invest-
ment is positively associated with sperm competition
risk [13–15], and that males in many taxa — including
humans — strategically vary the number of sperm
ejaculated based on the level of sperm competition
risk faced [16]. Theory also predicts that when limited
resources are allocated to sperm production, and
sperm competition follows the ‘raffle principle’ —
increased numerical representation in competition
increases the likelihood of fertilization success — then
selection should cause sperm length to be minimized
at some small size, so that sperm number can be
maximized [7]. Nevertheless, greater sperm size can
be selectively favoured, although the conditions for a
size advantage seem fairly restrictive [7]. 
So while theory makes fairly explicit predictions
about sperm numbers and sperm competition risk,
predictions about sperm length are less cut and dry.
Comparative studies of sperm length are also highly
variable, yielding findings that sperm competition
selects for smaller or larger sperm, or that there are no
associations between sperm competition risk and
sperm size [13–15]. Additionally, two experimental
studies [10,17] found no sperm length evolution when
levels of polyandry were altered, and in a dimorphic
beetle with differing morph-specific sperm competition
risk, sperm size did not differ between morphs [18]. In
addition to all this, we now have two elegant studies
[8,9], one indicating female preference for larger
sperm, and sperm are large in this species [8], the
other finding selection for shorter sperm, but in a way
not predicted by theory, as there is no size–number
trade-off and sperm in this taxon are relatively large [9].
The Drosophila work also raises some interesting
additional questions. If female preference for larger
sperm has driven the seemingly crazy sperm diver-
gence across this group, what is the advantage to
female choice for larger sperm in at least some of
these flies. Because males produce such huge
gametes, females are frequently suboptimally insemi-
nated, and hence females must mate more frequently
and therefore incur additional mating costs (two direct
costs to females). Additionally, females’ sons have
massively delayed development times, as they await
the production of their giant sperm [4]. Why isn’t there
sex role reversal and hence relaxed selection on
sperm size in these giant sperm flies? 
The jury is still out on most of these questions, but
positive associations between the size of non-fertiliz-
ing and amoeboid sperm and fertilization success
have also been reported [19,20]. Clearly sperm size is
a character of importance. Both of the new studies
discussed here [8,9] are important as much for the
new questions they invoke as for the questions
answered, and whether general rules explaining
sperm size diversity can be found, remains to be seen.
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